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How do we create a desirable, healthy ecosystem

IN THE FUTURE DELTA?




"Restore large areas of interconnected habitats within
the Delta and its watershed by 2100..."

—WATER CODE SECTION 85302

“Management plans and decisions need to
be informed by a landscape perspective that
recognizes interrelationships among patterns
of land and water use, patch size, location
and connectivity, and species success.”

—DELTA PLAN

“We propose that science that encompasses the multiple,
interacting components of functional landscapes in the Delta
will foster resilient and enduring restoration and management
outcomes that benefit both people and wildlife."

WIENS ET AL., THE STATE OF BAY-DELTA SCIENCE 2016



large areas interconnected habitats

landscape perspective

foster resilient and enduring restoration and management
outcomes that benefit both people and wildlife
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LEVEL

THEME

FUNCTION

METRICS

Life-history support

Provides Provides
habitatand habitat and
connectivity connectivity

for fish for marsh
wildlife

Inundation extent, Marsh area by patch

duration, timing, size (patch size
and frequency distribution)
Marsh to open water et ar?a by
! nearest neighbor
ratio i
distance

Adjacency of marsh

10 0pes Vet st oy Marsh core area ratio

length and marsh

patch size

Ratio of looped to

dendritic channels Marsh

fragmentation index

POPULATION COMMUNITY

Provides
habitat and
connectivity

for water-
birds

Ponded area in
summer by depth
and duration

Wetted area by type
in winter

Aggtpetr?ttilgln Food webs Biodiversity
Provides Provides Maintains Maintains Maintains
habitatand habitatand adaptation food supplies biodiversity
connectivity connectivity potential and nutrient by
forriparian  for marsh- within cycling to supporting
wildlife terrestrial wildlife support diverse
transition  populations robust food natural
zone webs communities
wildlife
Length of marsh- Addressed with Addressed with
Riparian habitatarea ~ terrestrial transition  qualitative conceptual Dprded to. be qualitative conceptual
by patch size zone by terrestrial ~ models in next phase SR models in in next
yp y : P related project ;
habitat type of project phase of project
Riparian habitat
length by width
G EXAMPLES OF METRICS:

+ Inundation extent

« Marsh patch size

« Distance to nearest large marsh
« Woody riparian patch size

« Marsh to open water ratio



historical land types to modern

HISTORICAL

MODERN &

Agriculture
W Urban/Barren
Oak woodland/Savanna
Grassland
BN Stabilized interior dune vegetation
0 Alkali seasonal wetland complex
Vernal pool complex
Wet meadow/Seasonal wetland

I Valley foothill riparian

B Willow
W Freshwater emergent wetland

B \Vater
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g historical flooding to modern

B Ponds, lakes, channels, flooded islands

- Tidalinundation
I Seasonal long duration flooding

Seasonal short-term flooding
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B Ponds, lakes, channels, flooded islands

- Tidalinundation
I Seasonal long duration flooding

Seasonal short-term flooding




g historical flooding to modern

" CHANNEL
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Photos courtesy of Jeff Opperman

B Ponds, lakes, channels, flooded islands

- Tidalinundation
I Seasonal long duration flooding

Seasonal short-term flooding
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LANDSCAPE RESILIENCE
FRAMEWORK
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Beller E, Spotswood E, Robinson A, Anderson M, Grenier L, Grossinger R, Higgs E, Hobbs R, Suding K, Zavaleta E. in prep.



LANDSCAPE RESILIENCE FRAMEWORK

LANDSCAPE RESILIENCE
FRAMEWORK

A\

SAN FRANCIECO ESTUARY INSTITL

resilientsv.sfei.org



PHYSICAL PROCESSES



PHYSICAL PROCESSES

LANDSCAPE




PHYSICAL PROCESSES

LANDSCAPE

ECOLOGICAL FUNCTIONS



PHYSICAL PROCESSES

ECOLOGICAL FUNCTIONS



PHYSICAL PROCESSES

LANDSCAPE . .

ECOLOGICAL FUNCTIONS



PHYSICAL PROCESSES

LANDSCAPE . .

ECOLOGICAL FUNCTIONS



PHYSICAL PROCESSES

l s
[ :
i s
I :
\/ \/

LANDSCAPE

ECOLOGICAL FUNCTIONS



PHYSICAL PROCESSES

LANDSCAPE

ECOLOGICAL FUNCTIONS



Potential Iandscape configuration to support marsh wildlife

Elevation is fundamental to determining where resilient marsh habitats can be maintained in
the Delta, and therefore where marsh wildlife can best be supported. Elevations that are
appropriate for supporting tidal marsh today exist primarily along the periphery of the

Delta, with many of the islands in the Central Delta now subsided well below sea

level. The largest extant marshes are in the West and Northwest Delta, and the

How strategies fit together to support marsh wildlife

Restoring the tidal processes that create tidal marshes and the fluvial processes that support non-tidal marshes
is vital to supporting marsh wildlife in the future Delta. Creating complete, complex systems will also require
restoring appropriate transition-zone and terrestrial processes, often less considered in marsh restoration.
Creating a coherent, integrated landscape that supports marsh wildlife will require us to strategically integrate
marsh wildlife support into more developed lands, particularly agricultural areas. Integrating wildlife-friendly

agriculture into landscape-scale planning could maximize benefits to wildlife.

Re-establishing tidal  Re-establishing fluvial processes

marsh processes in along streams provides

Re-establishing connected
terrestrial habitats around the

areas atintertidal o5y of cofiment and freshwater from  Peiphery of the Delta

clovations provides e yierspe
* persistence of tidal
mearsh habitats
Intograting ecological - variable tidal marsh
functions into urban areas habitats
provides + conditions to which
- reduction of some urban tidal marsh endemics
stressors are adapted

~ creation of non-tidal marsh

Re-establishing connections
between streams and tidal
oSy pronidss
* more dynamic, complex habitats
... Increased habitat connectivity

Re-establishing tidal zone processes in
channels and flooded islands provides

« complex channel habitats

« pachange between marsh and open-water habitats
~ complex marsh flooding patterns and

Re-establishing marsh

processes in subsided

areas provides

» Jong-erm increase in |
tidal marsh habitat

= supplementary non-tidal
marsh or aquatic habitat
for some species in the
near term

Expanding wildlife-friendly

agriculture provides

« additional food resources, cover, and
resting habitat for some species

~ increased habitat connestivity (landscape
permeability)

This figure shows how the process-based strategies discussed in
Chapter 4 fit together conceptually to provide support for marsh
wildlife. The figure does not represent a particular place. It is not necessary or
always appropriate to integrate all the strategies into each area or project, but
they should be well represented across the Delta as a whole.
SFEI &3

« butfers the marsh from upland
stressors
Ro-establishing tidal-terrostrial
+ habitat complexity
- high-water refuge
« space for marsh migration

- Reverse subsidence
B v

" . Woody rparion
.wget!ti& ‘ Transition zone

Terestrial
Lewe abita types

N rwiachamne Urban

~ Wildlife-friend!;
-Ilddchannel ~ agiiculture !

widest expanses of land at intertidal elevation that could be restored to tidal

action are in the North and South Delta. Inputs from the Sacramento

and San Joaquin rivers could contribute sediment to support marsh

accretion and habitat complexity. Additional opportunities exist in

the East and Southwest Delta, where there are longer expanses

of potentially restorable marsh with adjacent edge habitats to

support a broad tidal-terrestrial T-zone. Areas upslope of current

intertidal elevations could be managed as non-tidal freshwater

marshes, seasonal wetlands, or wildlife-friendly agriculture in the short

term, and provide space for marsh migration as sea level rises. Restoring

marshes across the Delta should lead to more diverse marsh habitats, with

complex mosaics of tidal and non-tidal marshes in the South Delta, flood basins

in the North Delta, and brackish marshes in the West Delta. Tule farms, managed

seasonal wetlands, flooded agricultural fields, and other novel habitats that provide

support to marsh wildlife, will likely provide the greatest benefit when in close proximity

to established marshes at intertidal elevations. Large areas of tidal marsh in the future Delta
are unlikely to be contiguous, so it is important to maintain landscape elements that increase
connectivity between marsh patches, particularly smaller stepping stone marshes and terrestrial
habitats that marsh wildlife can disperse across, including wildlife-friendly agriculture.

"= Flvial channel

“— Tidal channel

- Reverse subsidence
- Marsh
- Transition zone

- Terrestrial habitat types
ith the = Wildlife-friendly agriculture /
: mmgedweua!ndw

Effects of restoration or levee failure on tidal rangs

Marsh channel re-creation: H

How 0185 o ool This conceptual map shows a hypothetical

Marsh erosion: H ol problenm b st et contiguration ta [Rustrzte how some of the
ight mi strategies and recommendations might play out
at the full Delta scale to support resilient marsh

Effects of new invasive speeies: Which inte
sl ik widife populations.
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Re-establishing tidal  Re-establishing fluvial processes Re-establishing connected
° marsh processes in along streams provides terrestrial habitats around the
s u o l l I n areas ’t "'tm",“ « delivery of sediment and freshwater from poriphory of the Defta
elovations provides the watershed - buffers the marsh from upland
marsh wildlife It i
TN ot Mot ety
oatioe : - between streams and tidal
p = = : g(;mljltlon:hto vg;:lh floodplains provides i «habitat complexity
. i al marsh endemics : « hi
;tres[:::;' bl are adapted * more dynamic, complex habitats et vl el o
: “.._ ~increased habitat connectivity — R fic eshnrtion
Re-establishing tidal zone processes in ;
channels and flooded islands provides

» complex channel habitats
« exchange between marsh and open-water habitats
= complex marsh flooding patterns and heterogeneity

_ . - : Ro-astablis_hing marsh
How strategies fit together sty

« long-term increase in
tidal marsh habitat

- supplementary non-tidal ™ §
marsh or aquatic habitat
for some species in the
near term

Expanding wildlife-friendly

agriculture provides

- additional food resources, cover, and
resting habitat for some species

- increased habitat connectivity (landscape

- Reverse subsidence
; - Marsh

. Woody riparian

-vegetation ‘ Transition zone

permeability)
This figure shows how the process-based strategies discussed in ;ﬂbl?Stf ial
Chapter 4 fit together conceptually to provide support for marsh abitat types
wildlife. The figure does not represent a particular place. It is not necessary or Urban

always appropriate to integrate all the strategies into each area or project, but
they should be well represented across the Delta as a whole.

~ Wildlife-friendly
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PROCESS-BASED STRATEGIES
re-establish tidal processes

AESTORE TIDAL ZONE PROCESSES
Re-establish tidal marsh processes in areas atintertidal elevations

SUPPORTED FUNCTIONS

d at intertidal el
from the tides by levees and other human infrastructure. These areas have the greatest potential
to support tidal marshes with minimal management intervention now and into the future
because, if connected to tidal action, they would be inundated at a depth and frequency that is
appropriate for the establishment and persistence of emergent marsh vegetation. The ebb and
flow of the tides across intertidal areas would allow for processes—like sediment deposition,

Large swaths of land in the Delta currently are sit: 1s but are sep. d

scour, and flooding—that are needed to create channel networks, ponded areas, natural levees,
and other important marsh features.

The areas at intertidal elevation are not static. With continued sea-level rise (SLR), these areas
will shift. This process generates opportunities to restore tidal marshes in new (landward) areas
in the future, but also increases the urgency to restore the areas that are currently intertidal,
while their elevation is still favorable. More research is needed to understand the trade-offs that
accompany large tidal marsh restoration. One concern is that an increase in the area of tidal
marsh could alter tidal range in other parts of the Delta, with cascading effects that are difficult
to predict.

Specific tactics for carrying out this strategy include: connecting lands in intertidal areas
to tidal action by removing or breaching levees; removing other barriers to the exchange
of water and sediment across marsh surfaces; and preventing the erosion of marsh edges
using wind/wave energy breaks and other shoreline stabilization structures (both living
and non-living). Many of these tactics will require active management using tide gates
and water-control structures.

Image courtesy Goagle
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North-central Delta: Largest contiguous
area of land at intertidal elevation in the
North Delta. Opoortunity will be lost with
Just a few feet of SLR, There are currently
o plans fo restore natural habitat types

. inthe area, nor are there currently any

AN
hy

protected lands which could be considered
for restoration. It is characterized by high-
value agricultural land, including annual
row crops, vineyards, and erchards.

. &

Northwest Delta: Large,
wide areas al intertidal
elevation with good connection
to natural landward habitats
(seasonal wetlands) and to
Suisun Marsh. Opgortunity to
enhance connectivity between
existing large marsh patches
(thase at Liberty Istand

and Lindsey Slough). Some
protected land. Restoration
planning underway.

A

Southwest Delta: Upportunily to restore marshes at the
low-salinity transition between Suisun Bay and the rest of
the Delta. Restoration planned at Dutch Slough. Potential
to recreate corridor between existing marshes of Sherman
Istand, Sand Mound Slough, and other small remnant
stepping stones. Some protected land, but generally
located below intertidal elevations. Some agricultural
areas and natural habitats on landward margin, but many

areas constraimed by urban development.

Landscape considerations

This map highlights areas that are currently at
intertidal elevation or will be in the relatively
near future (with 3 and 6 ft [0.9 and 1.8 m]
SLR). It also shows urbanized areas, which
generally should not be considered for this
strategy, and existing marshes, ch helps
identify regions that are lacking large marshes
and where stepping-stone marshes might be
most beneficial. Although difficult to calculate
precisely, our map shows approximately
35,000 ha of land currently at intertidal
elevation (of which 32,000 ha are not
urbanized). An additional 40,000 ha of non-
urbanized land would be situated at intertidal
elevations with 6 ft [1.8 m] of SLR, which
would bring the total area of non-urban land
situated at the right elevation for this strategy
0 ha. This area is 23 times larger than
the current 3,000 ha of tidal marsh® and close
b of the historical extent.

South Delta: Laigest contiguous area

of land at intertidal elevation in the

Delta. Dpportunities in conjunction with
flood-protection planning o re-establish
comnections to San Joaguin River
floadptains, sediment supply, and riparian
habitats, which could promote resilience of
tidal marshes to future SLR (see pp. 56-59).
Almost no existing large marshes in the

region, Currently serves as highly productie i

agricufture. No protected/public land.

,

KEY DATA LAYERS
Intertidal elevation™

s I currentyinertida
currentlyintertidal +3ft (09 m) Urbanized areas
currently intertidal +6 ft (1.8 m)

- SEEI St

Northeast Delta: Large areas at intertidal
elevations contiguous with exdsting natural
habitat types (wetland, riparian, and terrestrial
habitats associated with Stone Lakes, Delta
Meadows, and Cosumnes River). Restoration
aready planned for McCormack-Viilliamson
Tract. Opportunities for connection to
unregulated Cosumnes River and its floodplains.

Stoek o

Eastern margin: Continuous band of intertidal

area more than 3 lan wide (with 6 ft [1.8 m] SLR).

Cannected o remeant dead-end sloughs (see pp.

52-55) with stepping stone remnant marshes reaching

into the Central Delta Landward edge bovded by

Interstate 5 (1-5), but etherwise agricultural. Same

fracts partially subsided, so new infrastructure and/or

reverse subsidence would b2 required o breach partions
2 carrently 21 the oarrect elevation (see pp. 48-51).

Limited protected land for restarztion.

Exislini marshes




PROCESS-BASED
STRATEGIES
re-establish

tidal processes

North-central Delta: Largest contiguous

area of land at intertidal elevation in the
North Delta. Opportunity will be lost with
just a few feet of SLR. There are currently
no plans to restore natural habitat types
in the area, nor are there currently any

+ protected lands which could be considered

for restoration. It is characterized by high-

. value agricultural land, including annual
1 1ow crops, vineyards, and orchards.

Northwest Delta: Large,

wide areas at intertidal
elevation with good connection
to natural landward habitats
(seasonal wetlands) and to
Suisun Marsh. Opportunity to
enhance connectivity between
existing large marsh patches
(those at Liberty Island

and Lindsey Slough). Some
protected land. Restoration
planning underway.

Landscape considerations
l sal Lidal marsh progesses gas al
This map highlights areas that are currently at
intertidal elevation or will be in the relatively
near future (with 3 and 6 ft [0.9 and 1.8 m]
SLR). It also shows urbanized areas, which
generally should not be considered for this
strategy, and existing marshes, which helps
identify regions that are lacking large marshes
and where stepping-stone marshes might be
most beneficial. Although difficult to calculate
precisely, our map shows approximately
35,000 ha of land currently at intertidal
elevation (of which 32,000 ha are not
urbanized). An additional 40,000 ha of non-
urbanized land would be situated at intertidal
elevations with 6 ft [1.8 m] of SLR, which
would bring the total area of non-urban land
situated at the right elevation for this strategy
to 72,000 ha. This area is 23 times larger than
the current 3,000 ha of tidal marsh’ and close
to 50% of the historical extent.’

Northeast Delta: Large areas at intertidal
elevations contiguous with existing natural
habitat types (wetland, riparian, and terrestrial
habitats associated with Stone Lakes, Delta
Meadows, and Cosumnes River). Restoration

Southwest Delta: Opportunity to restore marshes at the %" 2 > % Klon already planned for McCormack-Williamson
low-salinity transition between Suisun Bay and the rest of paoes & Tract. Opportunities for connection to

the Delta. Restoration planned at Dutch Siough. Potential - b4 unreguiated Cosumnes River and its floodplains.
to recreate corridor between existing marshes of Sherman
Island, Sand Mound Slough, and other small remnant
stepping stones. Some protected land, but generally
located below intertidal elevations. Some agricultural
areas and natural habitats on landward margin, but many
areas constrained by urban development.

Eastern margin: Continuous band of intertidal
area more than 3 km wide (with 6 ft [1.8 m] SLR)
Connected to remnant dead-end sloughs (see pp.
52-55) with stepping stone remnant marshes reaching
nto the Central Delta. Landward edge bounded by
] Interstate 5 (I-5), but otherwise agricultural. Some

ita: Largest contiguous area tracts partially subsided, so new infrastructure and/or
offand at intertidal elevation in the ) reverse subsidence would be required to breach portions
Delta. Opportunities in conjunction with currently at the correct elevation (see pp. 48-51).
flood-protection planning to re-establish d Limited protected land for restoration
connections to San Joaquin River KEY. DA‘m LAVERS
floodplains, sediment supply, and riparian \ : i
fabilats, which could promote resilienceof | Intertidal elevation Existing marshes
tidal marshes to future SLR (see pp. 56-59). 4 - currently intertidal i
Aimost g“ ”"isl‘;‘g large ""h'?:f in :):1‘0 o & currentlyintertidal +3ft (0.9 m)  Urbanized areas
region. Currently serves s highly productive bt
agriculture. No protected/public land currentlyintertidal +6 ft 1.8 m)
i AQUATIC
FEl B3




PROCESS-BASED STRATEGIES
guidelines for re-establishing tidal processes

AESTORE TIDAL ZONE PROCESSES
connwen) intertidal elevations o Distance between tidal marshes should be minimized

: Restoration plans should aim to decrease the nearest neighbor distance of Delta marshes and increase the proportion of marshes
PHYSIGAL PROCESS GUIDELINES that occur in close proxinity to arge marshes. Marsh nearest neighbor distances should be informed by factors like animal dispersal
Tidal marshes should experience full tidal action distances. For example, because outmigrating juvenile salmon travel during the night and hold in low-velocity refugia habitats like
marsh channels during the day.* they may benefit from gaps between marshes that are less than the distances they generally travel
over a 24 hour period. Though historically the maximum distance between marshes was much less than this distance, today even the
mean distance between marshes exceeds the mean distance smolts generally travel in a day.

Tidal flows should be sufficient to drive the flux of materials into and out of marshes. In particular, tidal flows should drive regular
inundation of the marsh plain, which provides direct access to foraging by aquatic organisms, enhances the export of productivity
from the marsh plain into the adjacent aquatic environment, plays a role in maintaining local water temperature gradients, and
promotes marsh accretion (see Guideline #3 below). Tidal flows should also be sufficient to drive the formation and maintenance of 0.2 km = median natal Song Sparrow dispersal distance (San Pablo Bay}® : :
dendritic channel networks, which increase habitat complexity and are critical to the use of marshes by many species.  km = mean Black Rall dispersaldistance’ 1.6k 08 o' gl marsh

. = 15 km = mean salmon smolt daily migration distance’
° Tidal marshes should have complex and variable patterns of tidal inundation 0.3 km - mean historicaldistanc from one marsh o asizeable (100 ha) marsh (SD = 0.4)"
Marshes naturally exhibit complex pattems of inundation and drainage driven by the feedbacks between spring-neap variability in 19.2 km = mean modern distance from one marsh to 2 sizeable (100 ha) marsh (S0 = 11,117
tidal range and microtopographic features. Lower high tides inundate the marsh plain from the tips of interior blind channels, while 18 b A Feste toat ol b oo Tk 108 bl 100 10) 15100 - - &-... e ke Sl sy
higher high tides inundate the marsh plain over small natural levees around its perimeter.” Ecosystem engineers, such as beaver and
waterfowl, also alter the marsh surface and add to its spatial heterogeneity. Variable inundation pattems drive fine-scale heterogeneity
in environmental conditions (such as soil moisture and chemistry) and create different microhabitats for a range of plants and animals.

61.4 km = maximum medern distance from one marsh to a sizeable (100 ha) marsh™ 19.2km mezn modenn

distance to a farge marsh

o The ratio of core to edge habitat should be maximized

o Tidal marshes should maintain processes that allow them to keep their extent over time Marsh patches should have mare core habitat than edge habitat (excluting “interior” edges created by channel networks).Core areas

For more than 6,000 years, as sea level in the estuary steadily rose, the Delta's marshes maintained land-surface elevations slightly above experience distinct abiotic conditions. are less accessible to many predators of marsh wildlife, and are more buffered from human
local mean sea level. Multiple interrelated processes contributed to this hameostasis and allowed for the continuous existence of marshes disturbance in the modern landscape. We would expect, for example, Black Rail presence to be more likely in patches with high core to
over time, but of particular importance is the vertical accumulation of organic plant matter, Frequent inundation (tidal or fluvial) is critical edge ratios than those with low ratios.

to the accumulation of arganic matter, since it helps maintain high water table levels that prevent the oxidation and decomposition of
peat.” Inundation also contributes to marsh accretion through 1) the delivery of suspended inorganic sediment, which contributes to peat
formation, and 2) the delivery of nutrients, which promote plant growth and the accumulation of organic matesial.*

oLANUS[}APE CONFIGURATION & SCALE GUIDELINES 0 The ratio of marsh to open water should increase

Tidal marshes should be a5 largo a5 pessible Individual restoration projects should increase the landscape’s marsh to open water ratio. Increasing the ratio would be expected to
Though small marshes have some value, marshes should be as large as possible since the functions they support increase with size. increase the availability of marsh-derived primary productivity to the aquatic food web. This is important since most farge estuaries
For example, marshes as small as 1ha can support some California Black Rails, but the density of rails is maximized once marshes depend on detrital pathways to fuel the food web. Research suggests that pools of particulate organic carbon (POC) in the aquatic
reach approximately 100 ha n size. Blind channel length also increases disproportionately with marsh island area:s marshes larger environment will only reflect marsh inputs when total marsh area exceeds total open water area.

than most that exist today are likely needed to maintain long, multi-order channel networks (see pp. 52-55). _ approximate minimum marsh - open water area rato for marsl-derved carbon to be

. | |.IIV reflected in open water POC pools™

13.1 = historical marsh core:edge area ratie™
0.2 - modern marsh core:edge area ratio™

<1 ha = | marsh patch size for Tricolored Blackbird nesting®

= historical marsh:open water area ratio
1 ha = minimum marsh patch size for California Black Rail ocoupancy UEGLEC v

0.2 = modern marsh:open water area 1atio™

4ha

100 ha o Maximize tidal marsh-water edge length through the development of interior channel networks

100 ha + minimum marsh patch size for maximum Black Rail density'* A -
500 hq = approvimate marsh area for 2 full channe! network (hased " historical }amaue)‘f -
4,494 ha - average historical patch size (S0 = 17956 ;

4 ha = average modern patch size (SD = 24)" N Adjacency between marshes and open water habitats is required for many aquatic organisms o utilize and beniefit from marshes.
110521 ba = ko hiskueical m;w;}, AR T Wk Increasing the length of adjacency through the fragmentation of existing marshes would be counterproductive (see Guideline 6 above).

749 ha = maxinem modorn palch size? N Adjacency should instead be increased by developing channel networks embedded within marshes (see pp. 52-55). 17

Reference values




PROCESS-BASED STRATEGIES
guidelines for re-establishing tidal processes

LANDSCAPE CONFIGURATION & SCALE GUIDELINES

Tidal marshes should be as large as possible

Though small marshes have some value, marshes should be as large as possible since the functions they support increase with size.
For example, marshes as small as 1 ha can support some California Black Rails, but the density of rails is maximized once marshes
reach approximately 100 ha in size. Blind channel length also increases disproportionately with marsh island area: marshes larger
than most that exist today are likely needed to maintain long, multi-order channel networks (see pp. 52-55).

<1 ha = marsh patch size for Tricolored Blackbird nesting'®
1 ha = minimum marsh patch size for California Black Rail occupancy’
100 ha = minimum marsh patch size for maximum Black Rail density'®
500 ha - approximate marsh area for a full channel network (based on historical landscape)'
= average historical patch size (SD = 17,956)2°
= average modern patch size (SD = 24)”
110,527 ha = maximum historical patch size?

749 ha = maximum modern patch size??




PROCESS-BASED STRATEGIES

guidelines for re-establishing tidal processes

.......... 4 ha =
100 ha =

900 ha =

average modern
marsh patch size

maximum Black
Rail density

full channel
network
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